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Intr odu ctio n
Fungal cel w allpr ote cts the protoplast fro m
adv e r s effects; Of t he environ m 8 nt. , deter min es the
Shape ofthe cellandi昌 m ediato r of cell intera-ctioIIS
with other c ell畠 and wit h I,he envir on m ent. 1tplays all
importantr olein m o rphogen e白is and differe ntiation,
is the be arer of s o m 8.tic antige n sand ofte nplays aTl
i)TlpO rta nt role in pathoge ne 8i8. Fu ngal cell walls
co ntain c o mpo ne nts that are n ot pr e s e ntin other cell
ty pes, which m akesthem potentialt8.rgetStO S ele ctive
a ntifll ngals . Forthese re as on , it is importallt tO
lea r nabout t he BtruCtlユre, fll nCtio n, biosynthesis and
othe ra spects c oncer ning the c ellw alls of ftlngi.
F ungal cellw alls are c ornple x c o mpo畠ite 8truC
-
ttl r e S C O n Si占ting predominantly ofpolysa ccharides and
proteins in v a rio ll Sproportions, linked togethe r by
c o v ale nt a nd nob -c ovalentinter a ctio n s. T he c o mposi-
tion of the c ellw all is a cha ra cteristic of e a ch ge ner a
but qu a ntitative proportio n s of individtlal c o mpo
-
neTltS Ofte n vary a c c o rding to envir o n m e ntal c o ndi-
tio n sandgro wthphase. So fa r, the m o st System atic
w o rk hasbeen do n e with the ye ast Sa ccha T
･
O myC eS
cot
.
eUisiae a ndtherefore m o st Ofthe wo rks cited here
a r e c onc erned with this gen 11 8.
Initial studie白 O nfungaLI c ells date back to first
h alf of nineteent hc e ntu ry wllen the fir st che mical
an alyse s w e r eperfor med (Ar o n B O n, 1965and the
r efere nc e sther ein). T he m ajorinter est w asfo cused o n
yeastcellw al 1自白ince, at that tim e, ye a BtS Wer e us ed in
m ostferm entatio n s. Ithasbeen sho w n.thatye a st c ell
w al lc on sits mairly ofpoly組 CCharideB, gluc a n and
chitin being the most chara cteristic c om pon ents. For
e arly bio chemists, the cellw alls rcpre 8 e nted first of
alla n llis ance , by being a ba rrie r to e xtr action of
intr ac白11ula rc ompon ents. A8 the importa nc e of cell
w all8 for fungalgr owth, m orphogenesis, differentia-
tion and intera ctio ns with the e nviron m ent w a s
r e c ognized,theybe c am ea 白ubjectofintensiv e study. 1t
c a nbe e stim ated that th8 advent of fungal cellw all
re s e archtook pla cein e arly1950
'
s. It has been e 8tab1
1ishedthatfungalc ellw all is a n ultico mpo nent syB -
t8 m COn Sisting ofpolys accha rides, pr otein B and sm all
qtla rltities of othe r c o mpone mt白, e. ど. pigm ents (m ela -
nin), poly phoBphates,inorg anicio n s,lipid, etc. Alka -
li- r e sista71t, in畠Ohlble polysa c cha rideB Chitin , β-1,3-
gluc an and cellnlo畠e We r e re C Og mied a8the skeletal
w all c o n stit11ent8 re ndering the w all m echa nical
Strengthand dete r minlngitB 血 且Pe. Pr otein -polys ac-
cha ride 8 a nd a m orpho u s ho mo-a nd hete r opolys a c-
charides are c o n stitu e nts ofthe wallm atri】【c em enting
the skeletalportion ofthe wa.1l. re ndering the elastic-
ity, hydr ophilic properties 8nd determining t he
antige nicity of the cells, a m ong other f11 n Ctio n s･
Ac c ording to chemic al n8血 r e of the principal w all
con stitu e nts, Bart】1icki-Garcia(1968)has sho w nthat
a closec o r r elatione xists betwee n ta xo no mic classifi-
c ation a ndcellw allco mpo sition a m o ngfungl.
T he w ealth of infor matio n son fll ngalcell w alls
that w eposs e s 8today w a s acquired by exploiting a
wide m ethodologica1 8.r Senalof m ode r n s cie n c e. Int his
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shortrevie w, I ha ve atte mptedto sho w the potential
of individu al m ethodological ap pr o aches a nd ho w
their ap plic atio n sha ve c o nt rib11t8d to o tl r bette r
tl nde r sta nding of fll ngalc ellw al ls,
Che mic ala ndphysic o che mic 8I m ethods
Ea rly Studies on ye a st c ellw alls w e r epe rfo r m ed
with whole cells which w ere s ubje ctedto har sh che mi-
caltr e atm e nts u ntila nins oluble r e sidlユe W a s Obtain ed.
Naturally, this ha畠 yielded co nflicting r e8ultBin BO m e
c a s e s, eBPe Cia.lly a sc o nce rJI Sthe relativ econte nts of
m ajor c ellw all constituent畠 andthe prese nc e of c o nt-
a minating m aterials, which 80m etim e s were err one-
oll Sly c on sider ed to be intrin sic to the c ell w all･
De velopm e nt Of m ethods for m echa nic al bre akag㊤ 0f
the cells en abledthei8 01且tio n of intact cell w al1白free
ofcytopla Bmic m ateri ala皿dt heir sub昌eqll e nt an aly-
sis. Se v eral de vice白 既ist that c a nbe used fo r 良tlCh
pllrPOSe, m o st Ofthem a r e mploylng V lgOrOuS 8hak
-
1 ng Or miⅩ1ng the cell s uBPenSions with glass
(ballotini)beads0.21 m m in dia m eter. Fo r review on
the m ethods ofcell disrllption S e efor e xa mple A rnold
(1981).
The next step ln Cellw al la n alysis is the frac
-
tio n atiot1 0f c ellw all c om ponents. M o st pr oto c ol岳
㊤m ploy differ entiation of w allc o mpon e nts On t he
ba8i8 Of their s olllbility in alkalia nd/or in o rg anic
acids. For ex a. mple, skeletal w all polysa c charides,
s u ch as(βl ,3-gltl Can, Chitin andc ellulose a rein 昌01tl-
ble unde r 8tl Ch co nditions, Where as the am o rpholl S
m atriヱ m ateriaユ c onBi昌tiLg Of highly br anched β 一
1,3/ β-1,6 gluca n, heter opolys ac cha ride s a nd gly-
c opr otein B a r e 8 0hlbilized (EolWik et al, , 1951;
Northcote and･ Horne, 1952). The 白01ubiliz ed w all
co mpo n ents m ay befu rthe rfr action atedby pr ecipita-
tion e, g. with le ctins, Fehling
'
B c op pe r reagent O r
CTA B(he x ade cyltrim ethyla m m o niu m bromide) fo r
α - m annan昌 andvario us fo rm 畠 Ofc olll m n Chr om atog-
raphy m ay be ll B ed fo r their ftl rther pu rification
(Vain sha v et al. ,1998). The choice ofc olu m ndepe nds
o nrnolec ula r siz e, cha rge o rbio spe cific pr ope rties of
the sepa r ated 皿 ate rial.
Chemic al an aly畠eSOf cell w alls largely rely on
m ethodolog yofc arbohydr ate a nd pr ot8in chemistry ･
C hr om atographic techniqlユe S em e rging in t he 1950
'
s
eTl abled dete rmin ation of a mino acid c o mpo sitio n and
ide ntification of m o n o8 a C Cha ride 8t噌 ar C O nStitu e nts
of individual占ell w allpolys accharide8 and pr otein -
poly占aCCharide c om ple x e s･ The clas sic alpr oto c ol fo r
polys a chari de cha ra cterizatio nc o n sitsin breakdow n
of a polysa cha ride to co n stittl e nt m OnOSa C Charide
s ugar s a ndtheir 畠ubsequ ent identificatio n･ M ethods
Su ch a s hydrolyslS With strong miner al acids,
a cetolysis o r m ethanolysis have been e mployed to
obtain c o n8tittlent Suga r畠 a S mO n O S a C Cha ride lmits･
In so m e c a se ,it ha sbeen fotl ndadv a ntageous to
degrade partially the isolated cellw allpolym er s tO
sm al e r s ubu nits beforefllrther detailed analysis , An
exa mple is the acetolysi畠 Of ye ast m a n a n wllich
bre aks do w ntlle a-1,6-glyc osidic bo nds in the poly-
B aC Charide m ain chain while le aving intact the side
chain s c o ntaining a -1,2- a nd a -1,3-glyc osidic bo nds
a s
'`fingerprint畠
'
(I(oc o urek and Bal 1o u,1969). 01igo -
s a c chari de slinked 0- glyc o Bidically to serin e a nd/or
thr e o nin ein pr oteiTl parts Of m a n n oproteins c a nbe
r ele a sed by mildalk ali/NaB H4 tr e atm ent C allSing
B-eliminatio n(Se ntandreu a nd Northc ote, 1969). N-
glyco Bidic ally linked s ac charide po rtio n s of glyc o-
protein s c a nbe rele ased by hydr aLinolysi8 (e. 冒 .
Naka mi8hi-Shindo et al. , 1993), or e n zym atical 1y by
e ndo - N - a c etyl- D - glu cosa minida s e (endo-≡) or N -
glycosida 8 eF (P NGa s e- F). Eydr azin olysis r e s ults in
cleavage of the N-linkage of GIcN Ac to 8･8Paragin e
with c o n c omitant cle a v age of peptide bo nds a nd de-
N- a c etylatio n of the N-acetylglu c o s a mine (GIcNAc)
where a畠 e ndo I H cle av e sthe glycosidic bo nd betw e e n
tile tw o GIcN Ac residue白bridging the in n e rc o r e of
m a n nopr otein sto peptide m oiety. T he N- glycosi 血s e
F cleav e sthe N- glycosidic bo nd betwe en a 8par agin ein
the peptide and the dia c etylchitobio sebridge in the
oligo sa c charide .
Ne xt to degradatio n ofpolym er sis t he determi-
n atio n ofco n stitue nt stlgarS. Separatio n techniqlle S,
s uch as pape r chr om atogr aphy(P C), thin-layer chr o-
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r n atogr aphy(T L C), o rhigh- perform anc eliquid chro-
m atography (E p i c) a.re m o st wi 血1y u s ed , More
adv a n ced m ethodsto perfo r m sugar an aly由 ar8 gas
chr o matogr aphyin co mbin atio n wit h m a 8 SI SPeCtrO S-
c op y(G CI M S)･ Briefly, m o no 8 a C Charides rele as ed by
a cid hydrolyBisfrom the poly8 aCha ride are reduc ed by
sodiu m bo r ohydridB tO aldito18, follow ed by 且Cety -
1ation to pr oduce v olatile alditol ac etatesthat are
S uitable for G C 昌eParation . T he glyc o8y1 1irlkage
a naLly8i8i白 perfo m ed by G C- M Sof partially m cthy-
1ated alditol a cetat8 S. T he pro c edure c onsists in
che mically m ethylating all fr e hydro xylgro upsin a
polys a cha ride by 畠11bstituting the m with m ethyl
ether groups . T he methylated polys ac cha,ride iB then
hydr olyz ed to its c on畠tittle nt m OnO S a ¢Chari d8S a nd
these ar e reduc ed to c o r r e spo nding aldito18. Fr e
hydr o xylgro ups ge nerated by hydrolysis a nd reduc-
tion are then a c etylated and G C- M Sa naly8iBi昌 pe r-
for med as abov e･ Ac c ordingto po8itio n8 0facetyla nd
m ethylgro up8 deter min ed by M S. the linkage posi-
tionsin the originalpolyB aCha ride ar edet8 rmined.
One ofthe m o白上 r e C e.lt m ethods of c a rbohydr ate
an alysis is the flt10 r OPhor e a s sisted c arbohydrate
electr ophore si昌(FA C E). The mg･ars rele a8ed by hy-
dr olysisfr o mthe polym er a r etag ged with a dl a rged
flu oropho r e such a s8- a minonaphthalene -1,3,6-tris ul-
phonic acid(A N T S) andthe n separated a ndchara cter -
iz ed by polyacryla mide gelele ctrophoresis(Go ubet et
al
l
2002).
No ndestru ctiv 8 m et hods Of carbohydr ate a n aly-
sis are r epres ented by proton-ntl Cle a r m agnetic r e s o-
n a n c e(1H - N M R) a nd carbo n13C_ NM R. T hese m eth-
ods a reable to re v e alsuga rc om position a nd stru ctur e
of c a rbohydr ate polym e r s. A8 an e X a rnPle co 11ds e r v e
the w ork by Iくo11ar et al. (1995) o n r es olving the
structur e ofthelinkage regio n betwe en chitin a nd β-
1,3-gltlC an in ahete r opolym eris olated from the ye a st
cell w all. Another pr o miBl ng techniqu e is Fourier-
tr an 畠for minfr a red spectro s c op y(F TI R) e nabling to
detectdifferenc e sin r elativ e abu nda n ce of indivi dual
cellw allpolym ers, a m ethod s uitablefo rthe study of
c ellw all m uta nts (Galichetet al. , 2001),
A m o ng classic alphy畠ico chemic al m ethods used
to determin eCellw allStructure, Ⅹ- r ay C ry ぬ 11ogra-
phy occupies adistinctiveplace . Its ap plicatio n w a.s
gr eatly stim tl ated by r em arkable disco veries of
Pa uling on protein a 71d of C rick, W 8七日On and W ilkins
o nD N Ate rtiarystru cture sin the ea rly1950
'
8 e mploy-
1 ng the X- ray diffr a ctio n technique. The method
a･fford昌 Simpledetectio n of long chain -like m olec ules
a B 8 u ming par allel arr a ngem ent with regllar BpaClng
betw ee nthe individual chain白 ･ For exa mple, Kreger
(1954) a nd Ar o ns on and Pr e sto n(1960) using this
techniqtlein c o mbin ation with ele ctron micro 白COp y
docum e nted the pres e n c e of c ryBtallirle glu can a nd
chitinirkftl ngalc ellw alls . Fi8 Cher (1977) used optical
polariz atio ntechniqu ebased o nth8 OPticalprope rties
of a dye boll nd to period8te OXidi2;ed cellw al18 tO
deter mine
c ellw all.
m olec11es
pa r allel to
the orie ntatio n of m ac r o molectle sin the
By this m ethod, he determin ed that the
in microcrystalline fibr 8 S are Orie nted
the cell8 urface while t.he m oleclles of
a m orpho us m aterials (m 8nn OPr Oteins) are a r r a nged
r adially.
Bio che mic8l m ethods
Altho ughiti8 Som etim es diffic ult to draw a
sha rplinebetw een che micala Jldbiochemical methods,
w 8Sh al lu nde r stand he r e a sbiochemical t ho se methods
e mployl ng t he e n zymes a8an alytic al tools or e nzy -
m ologic methods em ployed to study the cell w all
m etabolism ･ The fir st c atego ry of studie sis often
c o nsidereda s com plem enta ry or a.u xili8.ry tO Che7nical
on esI As ithasbe e n alr e ady m entio ned above, gly-
c 且na 8 e Ba r e u s ed to splitspecific ally glycosidic bo nds
in polysa c ch rides or dis rupt the bo nds betw e e n
pr otein a nd polyBaC Charide in proteirl-pOlysa c clla ride
c o mplexe 81 Fr o m co m m e rcially a vailable e n zyrn es,
Zym olyase( β1 ,3- ghlCa n a S e) or chitin a 8e a r efr e-
quently u s ed(Kolla ret al= 1995).
T he disco very of nu cleoside dipho sphate -s ugar s
a ndtheirfu n ctio n a 8glyc osyl do n o r sin bio synthesi8
of polys accharide s by I.eloir arid his cow o rker s
(Le 1oir, 197 1) had a great im petus o n studies corl-
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cer ned with the cellw allfo r m ation in fllngi. G D P-
m a n no 8e W a sr ec ogniz ed a昌 t he pr ectlrSO r Of ye ast
m an n an (Algranati et al‥ 1963), UDP-N - ac etyl- D -
glu co s amin e a8 the pre c ll r SOr Of chitin (Glaser and
Brow n
,
1957) a nd U D P-glu co se a sthe pr e c u r s o r ofβ-
1
,
3/β1,6- glucan(Wa,ng a nd Bartnicki- Gar ci8, 1966).
tI8ing diffe renti aland is op yc nic ce ntriftlgatio n 8 0f
cell ho m oge n &te白it w as a白Certained t.hat m an Tla m
synthas eis bollnd to m em bran es of the e ndopla Br nic
r8tict1 Ⅶm (E.o卓in o v且etal. ,1974)while chitin synthase
a nd β -1,3- gln ca n 8ynthase are a s s o ciated with the
plas ma m em brane (I)ur an et al. , 1975; Szani昌Zlo et
al., 1985). Using w ell defin ed m an n o oligo s accharide8
a8 the na n no 8yl a c c epto r s, itwa spossible to a BB ay
Bele ctively 昌Om e Of the ma nno8yltr anBfe r a s e spre s ent
in the
``
m ann an syntha s e
''
c o mplex (Nakajir n a a nd
Ballo u, 197 5;Fa rka菖et al, , 1976). T he e n zym e s c at-
1yzl ngthe synthesis Of individllalcellw allpolyB a C Cll a-
ri des c an be s olubilizedfr om their E;O u r C e m embranes
by v ariot18deterge nts and further char acteriz ed(e. ど.
Nakajim a a ndBallo u, 1975;Ranget al. , 1984).
One of the im po rtant to ols in elu cida.ting the
m e cha nis m ofcellw allbio synthesi8 areSpecific inhi-
bito r s a nd/or a ntim etabolite B. For ex a mple, c o mbined
tlSe Ofprotein s･yTlthe 8is inhibitor cycloheximide a nd
2-de oxy glllCO Se a S anOn - m etaboliz able an alogue of
both gluco 8 eand m a n nose e n abled to show that
pr otein s a re s e c r et dby ye astcells c om ple ∑ed with the
polys accharide m an n a n(Fa rka畠et al. , 1970). Tll nica -
mycin ha sbe e n widely used asthe inhibito r of gly-
cosylatio n of 8e Cr etO ry Pr Otein s (E.u o a nd Lam pe n,
1974), polyo xin sand nik ko 皿yCin sa 8the inhibito rs of
chitin 占ynthase(Seer evie wbyZhang and Miller, 1999)
andpapt1ac an4ins a nd echin oc andin s as theinhibitors
of synthesis of β1 ,3- glu c a nin fungi(Sa wistow ska -
ScllrOde r et al.
,
1984;Feldm e s8e ret al., 2000).
Mic ｢ o s c opy
lt w o11 d be pe rhapspointle ss, to tryto 8tre8 Sthe
importa n c eof micr osc op yfo r sttldies c on cer n ed with
fu ngalcellw alls . Fir stlltra str uctural8t11die s emloy-
ing tran8miB 8io nelectro nmic r o s c op y(T E M)provided
a ninfor m ation abollt the architecttlr alc o mple xity of
fu ngalcellw alls. Thefibr o 11 8teXtllr e Of ins oluble w all
c o mpon e nts wasfir st observ ed by Frey- Wys sling a nd
Mtlhlcthaler(1950)in BPO r a ngiopho re 畠 Of P hyc oTny-
c es. Aron s o nandPre sto n(1960)allow edtht且 C e rt8in
Stratific atio n e xistsin n ative cellw alls; thefibri118-r
Sk81etalc o mpo n e nts of the wall 8.re O rie nted to w a rd
thein n er s urfa ce ofthe w allwhile the ollter S urfacei8
S m o otho r slightly gra n ularin te xtu re a nd c o mpo sed
of am orphous m aterial(No rthcote and Borne, 1952).
In s o m e ca s e s
,
BPeCific glyc an a 8 e Sha v ebe e n us ed to
di8白eCtV a rio llS COm pO nentBfrom the cellw alls before
ele ctr o n micro s c op y(Hu n sley and Burn ett, 1970;
E opeckまet al. , 1974),
Thepo w er ofelectron micro s c op y･(E M)ha sbee n
further e xpanded by introdtlCtio n of m or e advan ced
techniq110 日, S u ch a畠 BCa n n l ng electro n micr o B C Op y
(SE M), fre eze -fra cturing, micro atltOradiogr aphy,im -
m u n ogoldStaining u sl ng 昌uga r- SPe Cific lectin s o r
m onoclo nal a ntibodies against defin ed c ell w all
epitope s(im m u n o ele ctron mic r o s c op y, I E M). By E M
micro a utor adiogr aphy, Ko菖ino vま et al. (1974)deter-
miIled the site of m a n n a npolym eriB atio n in S. c eT･-
e uisia ec ells and Farka菖et al. (1974)dem on s;tr atedthe
cell-cyde depe ndent Orie ntatio n of yea st cellw all
gr o wth･ In both c a白es, S ele ctivity of the labelling of
cell w allm an a n nw a s a chieved by m a nipulating the
c ornpo sitio n of grow th m editl m. Autoradiogr aphic
sttldie8 With hy pl181 fungal cell畠 8 ug ge Sted that all
Synthesis of chitin and gltl C a n Stakes placewit hin 1
m m ofthe te r min u s(Bartnicki-Garcia a nd Lip pm an ,
1969). Colloidal- gold labelled le ctin sConc anavalin A
and wheatge r m ag glutinin w e re lS edtolabel m a n n a n
(Ho risbe rge rand Vonlanthen, 197 7)a ndchitin r espec-
tively(M olan o et al. , 1980)fo r T EM of yea st cell
w alls . Fo ra c o mprehensive r ec ent r e vi8W On ele ctron
mic ro s c opic teclm iqtle Su s edin ye a stcellw allr ese a rch
B e eOsll mi(1998).
Ofthe va riolS kinds 0f light micro s c op y, flu o-
resce nt mic r o s c opy prov ed perhaps a sthe most Pr o-
ductiv ein ga l ning ne winform atio nBabo tlt the struc-
tu r eof fungal c ellw alla nd its biosynthe si8, T he
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m ethod e xploits･ m ore o rlessselective binding of
flu orescentdyeso rfl110re SCe ntlylabelleda ntibodiesto
c ellw al co mpo n ent畠 (s ee r e view.e. g . by Ⅲagek and
Streiblovま, 1996), Of the simple dyes, Cal00flu or
white (C W)i8 the m o st CO m mOJly tlS ed fluor e s ce nt
dyefor vital8tainlng Of fu ngal cellw alls . Iti8 Sup -
po s ed to 畠tain chitin co mpo n e nt, although ther e a r e
s o me do ubt白 abotltits BPeCificity. Fo re x a mp18, C W
w a sfo u nd to bind firmly to allpolys achari de8
c ontainiTlg β-he xop yra n o syl.chain畠(M aeda a nd lshi-
da
,
1967)and original lyit w a 畠 t18 ed to rev eal fis son
S c arsin chitin -le s sye ast Schiz os a cha T･O myCeSPOTnbe
(Str eiblov且et al. , 1966).
lmm u n ofl11 0 re S C e n C e micr o8C Op yhasbeen pr oved
extrem ely v alu able in 畠tudie8 C O nCern lng the ye a st
cyto skel8tOn and i七島 relatio nto the C ell w all 8.ndits
for m ation (for r e view s e eBot畠tein et al. , 1997). Fo r
ex am ple,it w as show n that actin patche白follo w the
orientatio n ofcellw allgr o wth(A dam s and P ringle,
1984) a ndthat they coloc alizewith R holp, a s m all G-
protein fllnCtioning a畠the r eg11ato ry sllbu nitofyeast
B･1,3- glll C a n Byntha s e(Drgono v急 et alリ 1996), Su r-
fa c eye astpr otein s h v ebeen tag ged with m e mbr a n e-
im per m e able biotinylatio n re age nt that specific ally
r ea ctwith free aminogr o ups a nd in this W ay a ntLmber
of c ellw alla s s o ciated protein s ha s be e nidentified
(M r畠a et al. ,1997), T he em e rging prote omicstechnol-
ogye xploiting the flo u resc e n c elabelling of pr oteins
e n ablesthe establishm ent of a r efe renc e m ap ofcell
w allpr otein s by m e a ns of tw o-dim e n sio n al poly-
a c rylami de gelelectr opho r e 8i (2- D PAGE) a ndtheir
identific atio n by m a s spe etr o metry (Pa rdo et al. ,
2000).
M ole c ula rbiologl Cal appr o a che s
Ap plic atio n of m olec ula r biological m ethodol-
og yin fu ngal c ellw allr e search ha s Slgnified a gre at
le apin deepenlng O ll rkno wledge of ft?ngal c ellw al l
structtl r e
,
Synthesis 且ndfl nCtio n. Gen etic a nd m olec u-
la rbiologic ap pr o a ches mg ge st that the rltl mber of
genesin v olv ed]
'
n c ellw allbio synthesiB and re m odeling
will be in the hundr eds (Ltl SSie r et al. , 1997) and
reve aled the co mple xity ofthe cellw allto be m u ch
higher tha n w as previotlSly tho ugh t. J1柑t a8 afew
e x a mples OfB O m eOfthe m ostimportantachieve m en七島
co uld be m eTltionedthe reC Ognitidn ofthreege ne sfor
c atalytic chitin synthasein yea st andasc e rtainingthe
furlCtio n of the individual i8benzym eB (fo r recent
re view s e eCabibet &1. , 2001), tw o ge n e sfo r β･1,3･
glu c 且n Syntha8e(Dougla s et al. , 1994), zl u mber of
the PIRpr otein s(protein8 with inter n al repeats)
c ovaleJltlylinkedto β- glll C anin the ye ast cellw alls
(Toh･E et al. , 1993), G Pl(glyco8yl-pho8phatidyl
izl O Sitol)- a n chored cellw allpr oteins(Car oet al. ,
1997). T hr o tlgh m olec ular -biologic al ap pro a che s,
m tl Ch has bee nle arned abo ut v ario usr egulato ry
n echa mim sr elatedto the cel w all biosyrlthesiB(S ee
e. ど . r e vie w sby Cabibet al., 2001;de Nobel et al. ,
2000).
From the ex a mples pre8 8 nt8d here clearly
e rn e rge Bthat furtherresea r ch in the area of fll ngalcell
w alls Willn e c es s arily repre s e nt an inte rface betw e e n
disciplin e s, c ombining te chniq118 fro m chemistry
(白tru Ctu r al 且naly8 eB), Physical che mistry(e, ど. elec-
tr ophoresis, spe ctr o s c op y),biochemistry(e. g. protein
pu rific atio n, e n zym olog y, pr oteo mic s) classicalgene-
tic s(a. ど . m utant8C r e e n 8, C OmPle m e ntation), m olecu -
lar biolog y(e. 冒 . clo ning, s eqll enC e aTlaly包is), a nd cell
biolog y(e. ど, a ntibody labeling, flu o re s c enc e, c o n-
fo cal, a nd ele ctron micro s c op y).
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